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Background

Coronary artery disease [CAD) is a leading cause of mortality and morbidity in the Iranian population. Interaction
between genetic and environmental factors determines susceptibility of an individual to develop CAD. Nitric oxide
[NO] is an important endogenous vasodilator that is produced by endothelial nitric oxide synthase (eNOS) from
L-arginine in endothelial and plays a critical role in the regulation of cardiovascular homeostasis.

Objective
The purpose of this study was to analyze the eNOS C786T polymorphism in CAD.

Materials and Methods
The study included 213 patients and 106 controls. eNOS rs41322052 polymorphism was genotyped using PCR-
RFLP protocol.

Results

Previous eNOS T786C polymorphism studies suggested this polymorphism has an important role in cardiovascu-
lar disorders and especially in its association with the risk of CAD. We determined the prevalence of eNOS T786C
polymorphism in healthy volunteers from an Iranian population and in patients suffering from CAD. Distribution
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of genotypes CC was around 100% for patients and control groups, so the C allele was not the susceptible allele

for CAD subjects in this study.
Conclusion

According to the current study, there were no significant differences in endothelial nitric oxide synthase gene
C786T polymorphism between healthy volunteers and patients with CAD. Therefore, genetic variation in eNOS

may not contribute to etiology and risk of CAD.
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Introduction

Coronary artery disease (CAD] is one of the leading
causes of death worldwide. Many epidemiological
studies show that both environmental and genetic
factors have influence, but genetic factors play a
more important role in susceptibility to CAD [2,1].

It is clear that endothelial cells play a critical role
in the progression and clinical manifestation of the
atherosclerotic process [3,4]. One of the most impor-
tant products of endothelial cells is nitric oxide (NO),
a major mediator of endothelium dependent vasodi-
lation made in the endothelial cells from L-arginine
through the action of the homodimeric enzyme endo-
thelial nitric oxide synthase (eNOS). In addition to va-
sodilation, NO inhibits platelet aggregation, prolifera-
tion of vascular smooth muscle cells, and leukocyte
adhesion to endothelial cells [5,6]. eNOS may have an
atheroprotective role by these functions [7].

Nitric oxide production can be influenced by poly-
morphisms of the eNOS gene. The gene is located on
chromosome 7q35-36 [8]. The eNOS gene is expressed
and functionally regulated through multiple regulatory
steps [9,10] and also by several polymorphisms [11].

The substitution of T to C nucleotide at position 786
in the 5" flanking region of eNOS gene, leading to re-
duce of promoter activity of this gene, is associated
with CAD [12].

The purpose of the present study was to assess
the association of genetic variants of eNOS 786C>T
(rs41322052) polymorphism with the risk of CAD.

Materials and methods
A total of 319 subjects including 213 patients with
CAD and 106 controls participated in this study.

The inclusion criteria for the patients were: (1) age at
the time of CAD diagnosis: 55 years or younger in men
and 65 years or younger in women; and, (2] at least
50% stenosis in a major coronary artery, or one of their

branches, as determined by angiography. The extent
of the disease was defined according to the number of
arteries with a minimum of 50% stenosis, whetherin a
single vessel or in multiple vessels. Diagnosis of myo-
cardial infarction (MI) was confirmed through patients’
records using the World Health Organization (WHO) cri-
teria [13] based on symptoms, elevation in cardiac en-
zymes or electrocardiographic changes.

All patients provided information about coronary
risk factors such as diabetes mellitus, hyperten-
sion, hypercholesterolemia and cigarette smoking.
Triglycerides, total cholesterol, high-density lipopro-
tein (HDL) and low-density lipoprotein (LDL) levels
were measured by conventional methods of clini-
cal chemistry. Hypertension was defined as systolic
blood pressure equal to or greater than 140 mmHg
and/or diastolic blood pressure equal to or greater
than 90 mmHg on more than one occasion. Patients
with a history of diabetes or basal glycaemia higher
than 120 mg/dL were defined as diabetics.

Genotyping

Genomic DNA was extracted from 10 ml of EDTA anti-
coagulated peripheral blood leucocytes using salting
out method.

Screening for the eNOS 786C>T polymor-
phism was performed by polymerase chain reac-
tion-restriction fragment length polymorphism
(PCR-RFLP) method. The primers used were 5'-
TGGAGAGTGCTGGTGTACCCCA -3° (forward] and 5'-
GCCTCCACCCCCACCCTGTC -3’ (reverse).

DNA is amplified for 40 cycles, each cycle com-
prising denaturation at 94 °C for 1 min, annealing
at 62 °C for 1 min, extension at 70 °C for 1 min with
final extension time of 5 min at 70 °C. The initial de-
naturation stage was carried out at 95 °C for 7 min.
PCR products were digested with the restriction en-
zyme BsmAl at 37 °C overnight. In the presence of C
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Figure 1. Representative screening for the endothelial nitric oxide
synthase C786T polymorphism; 180-bp band, genotype TT; 120 &
60-bp band, genotype CC; 180, 120 & 60-bp bands, genotype CT

at nucleotide 786, the 180 base pair (bp) PCR prod-
uct is cleaved into two fragments of 120 and 60 bp.
The PCR products are separated on 8% acrylamid gel
(Figure 1).

The validity of this PCR-RFLP analysis was con-
firmed by direct sequencing of several PCR samples
with each genotype (Figure 2J.

Results

The CAD patient group had a higher prevalence of
hypertension, diabetes, smoking and family history
of premature CAD compared with the controls. The
patients also had higher body mass index (BMI), total
cholesterol, LDL and triglycerides levels. According
to our results, family history, hypertension, diabetes,
smoking, obesity, high total cholesterol, LDL and tri-

glycerides levels and low HDL significantly increased
risk of CAD.

Distribution of CC genotypes was around 100% be-
tween patients and control groups.

Discussion

Recently, several studies revealed that there were
various mutations on eNOS gene and these muta-
tions might be a risk factor for CAD, MI, and hyper-
tension. They also found that these polymorphisms
differed largely among races due to large differ-
ences in the linkage pattern of -786T/C, Glu298Asp,
and 4a/4b polymorphisms of eNOS among races. In
this study, we investigated the relationship between
T786C mutation of eNOS gene and CAD for first time
in the Iranian population.

Our results demonstrated no association between
C allele and CAD in the Iranian population.

A study carried out in Caucasian patients reported
that eNOS (T786C) gene polymorphism is a major
risk factor for CAD in this population [14]. Masafumi
Nakayama et al. showed that an association between
this gene polymorphism reduces the endothelial NO
synthesis and predisposes the patients with the mu-
tation to coronary spasm in a Japanese population
[12].

Ciftci et al. examination of a Turkish population in-
dicated significantly high frequency of eNOS -786C/C
genotype in acute coronary syndrome (ACS) patients
than in those of controls that indicated genotype as-
sociation between eNOS (786C/C) with ACS. In addi-
tion, the finding of significantly high frequency of T/T
genotype in the coronary heart disease (CHD] group
may support the relationship of CC genotype with
ACS without CHD [15].

CTCTTCCCTGGCTGGET GACCCTGCCTCAGCCCTAGTCTITCTGC TGACCTGCGGCCCCG GG AAGCGTGC GTCAL

Figure 2. A sample of sequencing result for
confirming eNOS genotyping. The vertical blue
line indicates the position of C786T SNP
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There are no more studies on this polymorphism in
other populations. Future studies should seek more
single nucleotide polymorphisms (SNPs] in our popu-
lation and create a panel of SNPs which can be used
as genetic risk markers.

In the present study, the eNOS C786T polymor-
phism seems to have no significant association with
the risk of CAD in our patients.

Acknowledgment
The authors thank all those who collaborated with
us in this survey.

Conflict of interest: None declared

References

1. Marenberg ME, Risch N, Berkman LF, et al. Genetic suscepti-
bility to death from coronary heart disease in a study of twins.
N Engl J Med. 1994;330:1041-6.

2. Ramakrishnan L, Sachdev HS, Sharma M, et al. Relationship
of APOA5, PPARg and HL gene variants with serial changes in
childhood body mass index and coronary artery disease risk
factors in young adulthood. Lipids Health Dis. 2011;10:68.

3. De Caterina R. Endothelial dysfunctions: common denomina-
tors in vascular disease. Curr Opin Lipidol. 2000;11:9-23.

4. Gimbrone Jr MA. Vascular endothelium, hemodynamic forces,
and atherogenesis. Am J Pathol. 1999;155:1-5.

5. Moncada S, Higgs A. The l-arginine-nitric oxide pathway. N
Engl J Med 1993;329:2002-12.

6. Luscher TF. The endothelium as a target and mediator of car-
diovascular disease. Eur J Clin Investig. 1993;23:670-85.

7.

10.

1.

12.

13.

14.

15.

Hingorani AD. Polymorphisms in endothelial nitric oxide
synthase and atherogenesis: John French Lecture 2000.
Atherosclerosis. 2001;154:521-7.

Marsden PA, Heng HHQ, Scherer SW, et al. Structure and chro-
mosomal localization of the human constitutive endothelial ni-
tric oxide synthase gene. J Biol Chem. 1993;268:17478-88.
Rossi GP, Seccia TM, Nussdorfer GG. Reciprocal regulation
of endothelin-1 and nitric oxide: relevance in the physiol-
ogy and pathology of the cardiovascular system. Int Rev Cytol.
2001;209:241-72.

Andrew PJ, Mayer B. Enzymatic function of nitric oxide syn-
thases. Cardiovasc Res. 1999;43:521-31.

Hingorani AD, Liang CF, Fatibene J, et al. A common variant of
the endothelial nitric oxide synthase (Glu298-Asp) is a major
risk factor for coronary artery disease in the UK. Circulation.
1999;100:1515-20.

Masafumi Nakayama, Hirofumi Yasue, Michihiro Yoshimura,
et al. C 786 — T Mutation in the 5'-Flanking Region of the
Endothelial Nitric Oxide Synthase Gene Is Associated With
Coronary Spasm. Circulation 1999;99:2864-2870.
Nomenclature and criteria for diagnosis of ischemic heart dis-
ease. Report of the Joint International Society and Federation of
Cardiology/World Health Organization task force on standard-
ization of clinical nomenclature. Nomenclature and criteria for
diagnosis of ischemic heart disease. Circulation.1979;59:607-8.
Rossi GP, Cesari M, Zanchetta M. The T-786C endothelial nitric
oxide synthase genotype is a novel risk factor for coronary ar-
tery disease in Caucasian Patients of the GENICA study. J Am
Coll Cardiol. 2003 Mar 19;41(6):930-7.

Ciftci C, Melil S, Cebi Y, et al. Association of endothelial nitric
oxide synthase promoter region (T-786C) gene polymorphism
with acute coronary syndrome and coronary heart disease.

Lipids Health Dis. 2008 Feb 25;7:5



